The influence of solutes on the enthalpy/entropy change of the actinomycin D binding to DNA: hydration, energy compensation and long-range deformation on DNA.
The effects of the changes in the temperature and in the water chemical potential on the energetic of the actinomycin D (ACTD) interaction with natural DNA are studied. At reduced water chemical potential, induced by the addition of neutral solute (sucrose), the ACTD-to-DNA binding isotherms show that the drug accesses two types of binding sites: strong and weak. The binding constants to the stronger sites are sensitive to changes in the temperature and in the water chemical potential, while the weak sites are practically insensitive to these changes. The van't Hoff analyses of the binding in different water chemical potential shows that the binding process to the more specific sites is endothermic in phosphate buffer (ΔH(vH) ∼ 1 kcal/mol) and becomes exothermic when the water chemical potential decreases (ΔH(vH) = -11 kcal/mol in sucrose 30%). The number of water molecules released on the binding to the stronger sites, obtained from the slopes of linkage plots in different temperatures, increases with the decrease in the temperature. Ring closure reactions in the presence of neutral solutes have shown that the reduction in the water activity induces DNA unwinding. It was observed that both reduced water chemical potential and small ratios of daunomycin bound per base pairs have the same effects on the ACTD binding isotherms and consequently on the binding thermodynamic parameters. The results presented indicate that the ACTD binding to the recognition site is enthalpycally unfavorable, which should be compensated by the deformation in the DNA. This compensation would probably be the origin of the synergism observed for these two drugs.